A Gram-stain-negative, non-spore-forming, non-motile, irregularly circular, aerobic/microaerobic appendaged bacterium (strain 120-1 T ) was isolated from Naga-ike, one of the freshwater lakes in the Skarvsnes ice-free area of Antarctica. Strain 120-1 T grew between 5 and 35 6C, with optimum growth at 30 6C. The pH range for growth was between 6.0 and 9.0 (optimum of approximately pH 7.0). The range of NaCl concentration allowing growth of strain 120-1 T was between 0 and 5.0 %, with an optimum of 0.5-1.0 %. Strain 120-1 T was able to utilize organic compounds such as glucose, arabinose, gluconate, adipate and malate. Red colonies were formed on plate medium and the carotenoids were present in the cells. Ubiquinones Q-9 and Q-10 were the major respiratory quinones. The major cellular fatty acids were C 16 : 0 , C 18 : 1 v9c and C 18 : 1 v7c. The G+C content of the genomic DNA was 61.1 mol%. 
The climate in Antarctica is extremely cold and most of the land surfaces are covered with ice. However, there are icefree regions in the vicinity of Syowa Station in East Ongul Island in the Antarctic, and there are many small freshwater lakes (Imura et al., 1999) . These lakes are oligotrophic and a low diversity of phytoplankton has been reported (Imura et al., 1999) . However, microbiological mats with mat-and pillar-like forms, which are composed of filamentous cyanobacteria, diatoms and green algae, have been discovered at the bottom of these lakes (Imura et al., 1999; Ohtsuka et al., 2006) . These studies have revealed that the biomass of the aquatic mosses in the Antarctic lakes is abundant.
Environmental samples were collected by the summer party of the 46th Japanese Antarctic Research Expedition in [2004] [2005] . Among them, a white rock sample containing a cryptoendolithic community was collected in Skallen region and a phylogenetically novel bacterium, Constrictibacter antarcticus, was isolated from the rock sample (Yamada et al., 2011) . Furthermore, freshwater samples containing microbial mats were collected at the bottom of a freshwater lake, Naga-ike, in Skarvsnes region, Antarctica. The sample was added to 0.16 Luria-Bertani (LB) medium (l 21 : 1.0 g tryptone, 0.5 g yeast extract, 5.0 g NaCl in tap water) to screen for oligotrophic organisms and incubated at 25 u C. The resulting culture was subsequently applied to 0.16 LB plate medium containing 20 g agar l
21
. After incubation, red colonies were found on the plate medium. The isolated strain was named strain 120-1 T . Strain 120-1 T could grow well in 0.256 LB medium. However, no growth was observed in medium containing organic compounds at high concentration (l 21 : 7.5 g tryptone, 3.8 g yeast extract and 5.0 g NaCl). These results indicated that strain 120-1 T is an oligotroph. In addition, strain 120-1 T was able to grow in NZCYM medium (l
: 10 g NZ amine, 5.0 g yeast extract, 1.0 g NaCl, 2.0 g MgSO 4 . 7H 2 O, 1.0 g Casamino acids in tap water), or in half-strength marine broth 2216 medium (BD Difco). In 0.256 LB medium, strain 120-1 T grew at temperatures between 5 and 35 u C, with optimum growth at 30 u C (Fig. S1 , available in IJSEM Online). The pH range for growth was 6.0-9.0, with optimum growth at a pH of approximately 7.0. The range of NaCl concentration allowing growth was between 0 and 5.0 %, with an optimum of 0.5-1.0 %. Strain 120-1 T was able to form red, circular colonies under aerobic or microaerobic conditions, but no growth was observed in 0.256 LB medium containing 0.5 % Na 2 SO 4 , 0.5 % NaNO 3 , 0.5 % NaHCO 3 or 0.02 % FeCl 3 under anaerobic conditions. In addition, strain 120-1 T was incubated in BG-11 medium (Cyanobacteria medium; Rippka et al., 1979) , BS medium (medium for the phototrophic bacterium Rhodopseudomonas palustris; Yoshida et al., 2007) and mineral medium containing (l 21 ) 5.0 g NaCl, 0.50 g Na 2 S 2 O 3 , 0.10 g yeast extract and 20 mM sodium bicarbonate (medium for phototrophic bacterium Rhodobium orientis; Hiraishi et al., 1995) at 25 uC in the light. However, strain 120-1 T was unable to grow in these media. Strain 120-1 T was Gramstain-negative. Analysis using standard methods (Smibert & Krieg, 1994) showed that strain 120-1 T was positive for catalase and oxidase. Hydrogen sulfide production and motility, determined by using modified semi-solid agar medium [l
: 0.6 g peptone, 2.0 g tryptone, 0.2 g Fe(NH 4 ) 2 (SO 4 ) 2 , 0.2 g Na 2 S 2 O 3 , 5.0 g NaCl and 3.5 g agar] (Holdeman et al., 1977) , were not observed. To observe spore formation, cells in late stationary phase were observed by phase-contrast microscopy, and the recovery of the cells after heat-treatment was examined; no spore formation was observed.
Observation of cells grown on 0.256 LB plate medium using a bright-field microscope (BX51; Olympus), revealed that cells were coccoid (data not shown). The ultrastructure was examined by scanning electron microscopy (S-4700; Hitachi) ( Fig. 1a and b) ; irregular coccoid cells with appendages (0.760.7 mm) were observed (Fig. 1a) . The appendages seemed to be involved in bacterium-bacterium interactions ( Fig. 1b) and might be used for biofilm formation in the microbial mats where strain 120-1 T was isolated. Biochemical characteristics were analysed by using API 20NE and API ZYM kits and antibiotic sensitivities were examined by using an ATB VET kit (bioMérieux); results are given in the species description.
When the 16S rRNA gene sequence of strain 120-1 T was analysed with similarity search programs provided by the NCBI, the most closely related strains were Phyllobacterium brassicacearum MR4 (EF581126), Phyllobacterium trifolii PETP02 T (AY786080) (Valverde et al., 2005) , and Mesorhizobium tianshanense A-1BS T (NR_024880) (Tan et al., 1997) ; 16S rRNA gene sequence similarities were only 93.8, 93.1 and 93.1 %, respectively. The genera Phyllobacterium and Mesorhizobium belong to the family Phyllobacteriaceae in the order Rhizobiales, class Alphaproteobacteria. The order Rhizobiales is circumscribed on the basis of 16S rRNA gene sequence analysis and contains phenotypically heterogeneous bacteria (Kuykendall, 2005) . To examine the phylogenetic position of strain 120-1 T , an unrooted phylogenetic tree with 16S rRNA gene sequences from bacteria belonging to the families Rhodobiaceae and Phyllobacteriaceae (Fig. 2) was constructed with the program CLUSTAL W (Thompson et al., 1994) . Strain 120-1 T is located in the same branch as members of the genus Parvibaculum, which has been classified in the Rhodobiaceae (Lai et al., 2011; Schleheck et al., 2011) . However, strain 120-1 T is located in the clade of the family Rhodobiaceae, and in a branch that is distinct from species of the genera Phyllobacterium and Mesorhizobium. The phylogenetic position of the isolate suggests that strain 120-1 T belongs to the family Rhodobiaceae.
The chemotaxonomic characteristics of strain 120-1 T were analysed using cells grown on 0.256 LB medium under aerobic conditions at 30 u C. The chemotaxonomic characteristics of strain 120-1 T and those of the related genera are shown in Table 1 . The G+C content of the genomic DNA of strain 120-1 T , determined as described previously (Yamada et al., 2011) , was 61.1 mol%. Respiratory quinones were extracted from 5 g wet cells in mid-exponential phase as described previously (Yamada et al., 2011) ; the major respiratory quinones of strain 120-1 T were ubiquinones Q-9 (70 %) and Q-10 (29 %). Although Q-10 is found mostly in members of the Alphaproteobacteria, Q-9 is present in a few species (Hiraishi, 1999) . The cellular fatty acids of strain 120-1 T in the mid-exponential phase were analysed by the Sherlock Microbial Identification System using version 4.10 of the TSBA40 library (MIDI) and GCMS-QP2010 (Shimazu) equipped with Inert Cap 
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WAX (30 m60.25 mm; GL science). The cellular fatty acids were mainly composed of C 16 : 0 (22.6 %), C 18 : 1 v9c (14.1 %), C 18 : 1 v7c (12.1 %), C 17 : 0 cyclo (9.5 %), C 16 : 1 v7c (9.5 %) and C 14 : 0 3-OH (7.8 %). Presence of C 18 : 1 v9c is unique to strain 120-1 T when compared to the taxa listed in Table 1 . The phospholipids of strain 120-1 T were extracted as described previously (Dittmer & Lester, 1964; Minnikin et al., 1984) . The two dimensional TLC phospholipid pattern revealed the presence of hydroxyphosphatidylethanolamine, phosphatidylglycerol and phosphatidylethanolamine, in addition to unidentified phospholipids (Fig. S2) . The spectra of methanol extracts from cells grown on 0.256 LB plate medium in the light were analysed by a spectrometer U-0080D (Hitachi) to determine whether strain 120-1 T possesses any pigments. The spectra showed major peaks around 470, 500 and 530 nm (Fig. S3) . Data indicated the presence of carotenoids in cells of strain 120-1 T , as also observed in Anderseniella baltica BA141 T (Brettar et al., 2007) . The presence of carotenoids corresponds with the formation of red colonies of strain 120-1 T formed on solid medium. Carotenoid synthesis indicates that strain 120-1 T is distinct from members of the family Phyllobacteriaceae, which form colourless colonies (Fritsche et al., 1999; Kämpfer et al., 1999; Mergaert & Swings, 2005; Urakami, 2005) . On the other hand, no peaks above 600 nm were observed (Fig. S3) , indicating that strain 120-1 T did not contain bacteriochlorophyll a, which is in contrast to members of some genera in the Rhodobiaceae (Table 1) .
Cell morphology of strain 120-1 T was more unusual than those of related strains (Table 1 ). The order Rhizobiales and the families belonging to it are circumscribed on the basis of 16S rRNA gene sequence analysis (Kuykendall, 2005) .
According to phylogenetic analysis and morphological and physiological characters, strain 120-1 T is a novel bacterium belonging to the family Rhodobiaceae in the order Rhizobiales that represents a novel species in a new genus, Rhodoligotrophos appendicifer gen. nov., sp. nov.
Description of Rhodoligotrophos gen. nov.
Rhodoligotrophos (Rho.do.li.go.tro9phos. Gr. n. rhodon the rose; Gr. adj. oligos little, few; Gr. masc. or fem. n. trophos feeder, rearer, that which nourishes; N.L. masc. n.
Rhodoligotrophos red utilizer of few substrates).
Rhodoligotrophos is a member of the class Alphaproteobacteria, order Rhizobiales, family Rhodobiaceae. Cells form irregular coccoids and are non-motile and oligotrophic. Spores are not formed. Can grow aerobically or microaerobically. Catalase and oxidase are produced. The cellular fatty acids identified in the mid-exponential phase are mainly composed of C 16 : 0 , C 18 : 1 v9c and C 18 : 1 v7c. Ubiquinones Q-9 and Q-10 are the major respiratory quinones. The cells contain carotenoids and form red colonies on 0.256 LB medium. The type species is Rhodoligotrophos appendicifer.
Description of Rhodoligotrophos appendicifer sp. nov.
Rhodoligotrophos appendicifer [ap.pen.di9ci.fer. L. n. appendix -icis an appendage; L. masc. suff. -fer (from L. v. fero) bearing, carrying; N.L. masc. adj. appendicifer carrying appendages].
Shows the following properties in addition to those given in the genus description. Cells are irregularly coccoid with (Albuquerque et al., 2010; Imhoff & Hiraishi, 2005) ; 3, Rhodobium gokarnense ATCC BAA-1215 T (Srinivas et al., 2007) ; 4, Afifella marina DSM 2698 T (Albuquerque et al., 2010; Imhoff & Hiraishi, 2005) ; 5, Afifella pfennigii ATCC BAA-1145 T (Caumette et al., 2007; Urdiain et al., 2008) ; 6, Anderseniella baltica CIP 109499 T (Albuquerque et al., 2010; Brettar et al., 2007) ; 7, Tepidamorphus gemmatus DSM 19345 T (Albuquerque et al., 2010) ; 8, Roseospirillum parvum DSM 12498 T (Glaeser & Overmann, 1999) ; and 9, Parvibaculum lavamentivorans DSM 13023 T (Schleheck et al., 2000 (Schleheck et al., , 2004 appendages and approximately 0.7 mm in diameter. Growth occurs between 5 and 35 u C (optimum, 30 u C) and between pH 6.0 and 9.0 (optimum, approximately 7.0). Nitrate reduction is not observed. Glucose, arabinose, gluconate, adipate and malate are utilized as carbon sources, but N-acetyl-D-glucosamine, caprate, citrate and phenylacetate are not utilized. Positive for the following enzyme activities as tested with the API ZYM system: acid phosphatase, esterase (C4), leucine arylamidase, naphthol-AS-BI-phosphohydrolase and valine arylamidase. Resistant to erythromycin, lincomycin, pristinamycin, tylosin, cotrimoxazole, sulfamethizole, fusidic acid, metronidazole, penicillin, amoxicillin, oxacillin, cephalothin and cefoperazone. Sensitive to colistin, flumequine, oxolinic acid, enrofloxacin, nitrofurantoin, rifampicin, amoxicillin/clavulanic acid, streptomycin, spectinomycin, kanamycin, gentamicin, apramycin, chloramphenicol, tetracycline and doxycycline.
The type strain is 120-1 T (5JCM 16873 T 5ATCC BAA-2115 T ), isolated from a freshwater lake in Skarvsnes, Antarctica. The DNA G+C content of the type strain is 61.1 mol%.
